The study was to assess the associations of prepregnancy body mass index (BMI) and gestational weight gain (GWG) with pregnancy outcomes. This was a retrospective analysis of 2973 nulliparous women who delivered single live babies. Prepregnancy BMI was categorized as underweight (<18.5 kg/m 2 ), normal weight (18.5-24.9 kg/m 2 ) or overweight/obese (≥25.0 kg/m 2 ). GWG was categorized as inadequate, adequate or excessive. 567 (19.1%) women were overweight/obese, and 1600 (53.8%) exhibited excessive GWG. Compared with women of normal weight, overweight/ obese women had a higher incidence of cesarean section (odds ratio, 95% confidence interval: 2.02, 1.59-2.56), postpartum hemorrhage (1.50, 1.05-2.14), preterm delivery (2.51, 1.83-3.45), preterm premature rupture of membranes (2.11, 1.32-3.38), gestational diabetes mellitus (2.04, 1.65-2.53), gestational hypertension (7.68, 4.21-14.00), preeclampsia (1.98, 1.18-3.33) and small for gestational age (2.81, 1.21-6.54). Compared with adequate GWG, excessive GWG increased the incidence of cesarean section (2.02, 1.59-2.56), preterm delivery (1.48, 1.05-2.71), preeclampsia (1.78, 1.34-4.27) and macrosomia (2.61, 1.61-4.25), and reduced the incidence of gestational diabetes mellitus (0.75, 0.62-0.92). High prepregnancy BMI and excessive GWG in nulliparous Chinese women are associated with adverse pregnancy outcomes. Weight control before and during pregnancy could reduce the complications of pregnancy.
Scientific RepoRts | 5:12863 | DOi: 10.1038/srep12863 associated with maternal obesity include increased likelihood of maternal weight retention and exacerbation of obesity.
Although several previous studies have examined the influence of high prepregnancy BMI and excessive GWG on perinatal outcomes, relatively few have been conducted in China, and there are only limited data concerning women giving birth in Beijing. To assess the associations of prepregnancy BMI and weight gain during pregnancy with pregnancy outcomes, we collected and analyzed data from 2973 nulliparous women in Beijing, China, who gave birth to single babies. In addition, we also performed a subgroup analysis to explore whether a family history of hypertension or diabetes are associated with adverse pregnancy outcomes, as there is a paucity of relevant data concerning this in the literature.
Results
Clinical characteristics of the study participants. A total of 3198 nulliparous women were initially identified for potential inclusion in the study. A total of 225 women were subsequently excluded from the analysis, as follows: incomplete information (n = 58); a history of hypertension (n = 31), diabetes (n = 34), heart disease (n = 22), hepatitis (n = 28), chronic renal disease (n = 23) or other systemic diseases (n = 3); drug use (n = 7); alcohol use (n = 8); and smoking before or during pregnancy (n = 11). Therefore, 2973 women were included in the final analysis. The clinical characteristics of these 2973 study participants are presented in Table 1 . The median age of the 2973 women at delivery was 29 years (range, 18 to 42 years), the median gestation week at delivery was 39 +4 weeks (range, 28 +2 to 41 +5 weeks), and the median GWG was 15.5 kg.
According to the prepregnancy BMI, 254 women (8.5%) were underweight, 2152 (72.4%) were of normal weight, and 567 (19.1%) were overweight/obese ( Table 1 ). The proportion of women who were overweight/obese was significantly higher in the 30-34 year age group than in younger age groups (P < 0.05), and significantly higher in the ≥ 35 years age group than in younger age groups (P < 0.05) ( Table 1) . A family history of hypertension and a family history of diabetes mellitus were both significantly more prevalent in overweight/obese women than in underweight and normal weight women (P < 0.05) ( Table 1 ). In addition, birth weight was significantly higher in overweight/obese women than in normal weight and underweight women (P < 0.05) ( Table 1 ). There were no significant differences between the 3 prepregnancy BMI categories in maternal height and gestational weeks (Table 1) .
Based on the IOM recommendations for GWG, 404 women (13.6%) exhibited inadequate GWG, 969 (32.6%) exhibited GWG within recommended levels, and 1600 (53.8%) exhibited excessive GWG (Table 1) . Prepregnancy BMI was significantly higher in women with excessive GWG (22.6 ± 3.4 kg/ m 2 ) than in women with adequate (21.9 ± 3.3 kg/m 2 ) or inadequate (22.1 ± 2.9 kg/m 2 ) GWG (P < 0.05) ( Table 1 ). The proportion of women with excessive GWG was significantly higher in the 30-34 years age group than in the 25-29 years age group (P < 0.05), and significantly higher in the ≥ 35 years age group than in younger age groups (P < 0.05) ( Table 1) . A family history of hypertension and a family history of diabetes mellitus were both significantly more prevalent in women with excessive GWG than in women with adequate or inadequate GWG (P < 0.05) ( Table 1) . Gestational weeks and birth weight were both significantly higher in women with excessive GWG than in women with adequate or inadequate GWG (P < 0.05) ( Table 1 ). There were no significant differences between the 3 GWG groups in maternal height (Table 1) . Table 2 presents subgroup analysis of data for the various GWG categories according to prepregnancy BMI class. Within each prepregnancy BMI group (underweight, normal weight and overweight/obese), birth weight in the adequate GWG group was significantly higher than that in the inadequate GWG group, and significantly lower than that in the excessive GWG group (with the sole exception that birth weight for overweight/obese women was not significantly different between the adequate and excessive GWG groups). As the prepregnancy BMI increased, the total GWG and mean weight gain per week decreased (P < 0.01 for both). In comparison to underweight and normal weight women, overweight/ obese women had a lower GWG and were more likely to gain weight above the IOM recommendations (OR, 2.2; 95%CI, 1.3-3.8) . Tables 3 and 4 show the effects of prepregnancy BMI and GWG on pregnancy outcomes, expressed as the odds of each outcome occurring relative to that in women of normal weight or adequate GWG, respectively. In comparison to women of normal weight, overweight/obese women had a higher incidence of cesarean section, PPH, preterm delivery, PPROM, GDM, GHT, preeclampsia and SGA (Table 3) , with the association particularly strong for GHT (OR, 7.68; 95%CI, 4.21-14.00). Being underweight was associated with a lower incidence of both GDM and macrosomia. Compared with GWG within the IOM recommendations, excessive GWG increased the incidence of cesarean section, preterm delivery, preeclampsia and infant macrosomia, and reduced the incidence of GDM (Table 4 ). Inadequate GWG increased the incidence of GDM and SGA. Table 5 shows the results of a subgroup analysis to determine whether GWG affected pregnancy outcomes in a single prepregnancy BMI category (normal weight women), with the odds of each outcome occurring in the inadequate GWG and excessive GWG groups expressed relative to that in the adequate GWG group. The mean GWG in these 2152 women was 16.0 ± 4.5 kg, with 52.4% (1128/2152) exhibiting excessive GWG. Compared with normal weight women with GWG within the IOM recommendations, normal weight women with excessive GWG showed a higher incidence of cesarean section, PPH, PPROM, GHT and infant macrosomia, and a lower incidence of GDM (Table 5 ). Inadequate GWG was associated with a higher incidence of preterm delivery, PPROM, GDM and SGA infants, and a lower incidence of cesarean section (Table 5) .
Although not a major aim of the present study, additional subgroup analyses were performed to explore the associations of a family history of hypertension and a family history of diabetes mellitus with the clinical characteristics and pregnancy outcomes of the study participants (Table 6) , as relatively few studies have examined these associations. Women with either a family history of hypertension or a family history of diabetes mellitus exhibited significantly older mean age, higher prepregnancy BMI with a larger proportion in the overweight/obese category, more excessive GWG, increased incidence of PPH and GDM, and decreased incidence of preterm delivery and PPROM (Table 6 ). In addition, women with a family history of hypertension had a longer gestation, higher infant birth weight and increased incidence of GHT, while those with a family history of diabetes mellitus had a lower infant birth weight and increased incidence of SGA and macrosomia (Table 6 ). Logistic regression analysis indicated that PPH (OR, 1.80; 95%CI, 1.18-2.73; P = 0.006), preterm birth (OR, 0.20; 95%CI, 0.08-0.46; P < 0.001), SGA (OR, 3.52; 95%CI, 1.53-8.10; P = 0.003) and macrosomia (OR, 1.51; 95%CI, 1.05-2.18; P = 0.028) were all associated with a family history of diabetes mellitus, while preterm birth (OR, 0.42; 95%CI, 0.22-0.80; P = 0.008) was associated with a family history of hypertension.
Discussion
The main findings of the present study are that, compared to women of normal weight, overweight/ obese women had a higher incidence of cesarean section, PPH, preterm delivery, PPROM, GDM, GHT,
Normal weight (N = 2152) Overweight/obese (N = 567) Excessive GWG (N = 1600) preeclampsia and SGA, while underweight women had a lower incidence of both GDM and macrosomia. Furthermore, compared with GWG within the IOM recommendations, excessive GWG increased the incidence of cesarean section, preterm delivery, preeclampsia and infant macrosomia, and reduced the incidence of GDM, while inadequate GWG increased the incidence of GDM and SGA. In addition, PPH, preterm birth, SGA and macrosomia were all associated with a family history of diabetes mellitus, while preterm birth was associated with a family history of hypertension. These data in a cohort of women at a hospital in Beijing (China) not only corroborate the findings of several previous studies in other regions (of China and other countries), but also provide novel insights regarding the possible influences of prepregnancy BMI, GWG, and family history of hypertension or diabetes on pregnancy outcomes.
In this retrospective analysis, 19.1% of women delivering single live babies in Beijing were overweight or obese. A previous study in Sweden 6 found that the prevalence of overweight women (BMI ≥ 25 kg/ m 2 ) was 32.8%, possibly reflecting a higher incidence of maternal obesity in Europe. In our study, total GWG decreased with increasing prepregnancy BMI. Nonetheless, although total GWG was lower in overweight/obese women, the proportion of women with a GWG that exceeded the IOM recommendations was higher in overweight/obese women than in women of normal weight (66.7% vs. 52.4%). These observations are consistent with those of a study in a Hispanic population 7 , which demonstrated that women in the highest BMI category gained less weight than those in the lowest category. An additional finding of the present study was that the odds of excessive GWG were higher in overweight women than in women of normal weight. A possible reason for this may be the lower recommended GWG for overweight/obese women in the IOM guidelines.
The odds of cesarean section were increased in both overweight/obese women (OR ~1.5) and in women with excessive GWG (OR ~2.0), in agreement with several previous investigations. For example, Young et al. 8 found that overweight women (BMI 25-30 kg/m 2 ) had 2.6-fold increased odds for cesarean section compared with underweight women (BMI < 20 kg/m 2 ), while a study in China 9 showed that cesarean section was more common in overweight and obese women regardless of the time of labor. In the present study, a subgroup analysis of women with normal prepregnancy BMI revealed that the proportion of women undergoing cesarean section was higher in those with excessive GWG and lower in those with inadequate GWG. Therefore, there was a clear association between GWG and frequency of cesarean section in women with a normal prepregnancy BMI.
Numerous previous investigations have explored the risk factors for PPH. For example, in a study of 11363 nulliparous women, Fyfe et al. 10 determined that the odds of PPH were approximately two times higher in obese women than in women of normal weight (OR, 1.83; 95%CI, 1.51-2.28). Jain et al. 11 reported an even stronger influence of obesity, with the odds of PPH more than 5 times higher in obese women than in women with a normal BMI (OR, 5.11; 95%CI, 1.76-14.79). Our finding of an increased frequency of PPH in overweight/obese women (OR ~1.5) was in agreement with these previous reports. Xu et al. 12 determined that the odds of PPH in women with excessive GWG were double those in women with normal GWG. In our study, there was no significant association between GWG category and PPH after adjustment for birth weight and prepregnancy BMI. However, in women with a prepregnancy BMI within the normal range, excessive GWG was associated with a higher incidence of PPH (OR ~2.0 relative to women with adequate GWG). Thus, excessive GWG appears to be associated with PPH in women of normal weight, suggesting that the influence of GWG is independent of any effects of maternal prepregnancy weight.
In our study, the ORs for preterm delivery and PPROM were not adjusted for metabolic syndromes of pregnancy such as GDM, GHT and preeclampsia, even though these diseases are associated with increased systemic inflammation and are considered important risk factors for preterm delivery and PPROM. It was not considered appropriate to adjust for these factors because it was possible that they might act as potential mediators in the relationship between maternal weight/GWG and preterm delivery/PPROM. The odds of preterm delivery were increased in both overweight/obese women (OR ~2.5) and women with excessive GWG (OR ~1.5), whereas PPROM was associated only with the overweight/ obese category (OR ~2.1). These findings are consistent with those of Nohr et al. 13 , who reported that the adjusted ORs for preterm delivery and PPROM in women with a BMI ≥ 30 kg/m 2 (compared with women of normal weight) were 1.2 and 1.5, respectively. Chen et al. 14 have also found that high weight gain in pregnancy was associated with an increased occurrence of PPROM.
Previous research in China has determined that the prevalence of GDM has increased from 2.4% in 1999 to 6.8% in 2008. This increase has been attributed to changes in diet (i.e., a higher-energy and higher-fat diet), increased prevalence of maternal obesity and high GWG, and more stringent diagnostic criteria 15 . In agreement with other studies, we found the incidence of GDM to be higher in women who were overweight/obese before pregnancy, and lower in women who were underweight before pregnancy. Table 6 . Clinical characteristics of the study participants grouped by family history of hypertension and family history of diabetes mellitus. Data presented as n (%) or mean ± standard deviation. BMI, body mass index; GDM, gestational diabetes mellitus; GHT, gestational hypertension; GWG, gestational weight gain; PPH, postpartum hemorrhage; PPROM, preterm premature rupture of membranes; SGA, small for gestational age.
In a study by Abenhaim et al. 16 , women with a high prepregnancy BMI had approximately twice the odds of suffering GDM. In contrast to other studies 17 , we found a strong negative association between GWG and GDM. However, this finding does not necessarily imply that a high GWG in itself decreased the incidence of GDM. The reason for this is that almost all the women with GDM received intervention from a dietician, which involved strict control of weight gain during the third trimester. We speculate that weight gain during the first and second trimesters could be better predictors of GDM occurrence, although we did not have the data at our disposal to test this hypothesis.
Our study showed that the odds of GHT and preeclampsia were much higher in women who were overweight or obese before pregnancy (ORs ~7.7 and ~2.0, respectively). Furthermore, the odds of preeclampsia were also higher in women with GWG above the IOM recommendations (OR ~1.8). Our observations concur with data from several previous investigations. Gaillard et al. 18 determined the odds of GHT and preeclampsia to be 3-fold and 2-fold higher in women with a high prepregnancy BMI. Fortner et al. 19 found that Latina women with a high GWG had approximately 3 times the odds of experiencing GHT and 4 times the odds of experiencing preeclampsia, compared to women with normal GWG. Jensen et al. 20 reported that increased GWG was strongly associated with GHT (OR, 4.8; 95%CI, 1.7-13.1). Although our study showed no significant association between GWG and GHT overall, it is notable that a strong association was evident in women with a normal prepregnancy BMI (OR ~3.4).
After adjustments were made for possible confounding factors, the odds of SGA were calculated to be higher in women who were overweight or obese before pregnancy and in those who gained less weight during pregnancy. In addition, the odds of macrosomia were reduced in underweight women (OR ~0.5), and increased in women with excessive GWG (OR ~2.6). Our observations are in keeping with previous studies reporting associations between GWG and infant birth weight [21] [22] [23] . Few studies have examined the relationships between family history of diabetes or hypertension and perinatal outcomes. In the present study, PPH, preterm birth, SGA and macrosomia were all associated with a family history of diabetes mellitus, while preterm birth was associated with a family history of hypertension. Previous investigations have reported that a family history of hypertension is associated with preeclampsia [24] [25] [26] , and that a family history of diabetes mellitus is associated with GDM 27, 28 . However, further studies are merited to better define the relevance of family history of hypertension or diabetes to the various adverse outcomes of pregnancy.
This study has some limitations. First, this was an observational, retrospective, single-center study; hence selection and information bias cannot be excluded, and the enrolled cohort may not be representative of the general population in China or beyond. Second, prepregnancy BMI was calculated from self-reported prepregnancy weight and height values, which may have led to reporting bias. Third, there was no assessment of participant diet and physical activity. Diet and physical activity may have important influences on GWG, thus it was not possible to discriminate the associations between maternal weight/ GWG and perinatal outcomes from any associations between diet/physical activity and these perinatal outcomes. Fourth, the relevance of the IOM guidelines for categorizing GWG in Chinese women has yet to be established. Fifth, it was not possible to explore the relative importance of GWG in each trimester of pregnancy to perinatal outcomes, as relevant data were unavailable. Sixth, the association between GWG and metabolic syndromes of pregnancy remain unclear. Seventh, women with GDM received intervention during the third trimester (dietary control of energy intake plus insulin therapy if required), which may have influenced the associations between GWG and GDM. Finally, our study did not make a distinction between overweight and obese categories, which may have missed or decreased the strength of associations of prepregnancy weight with certain perinatal outcomes.
In conclusion, high prepregnancy BMI and excessive GWG are associated with higher incidences of cesarean section, PPH, preterm delivery, PPROM, GDM, GHT, preeclampsia, SGA and macrosomia in nulliparous women delivering a single baby in Beijing, China. Knowledge of this information can assist in the design and implementation of educational and interventional strategies to minimize the risks of pregnancy.
Methods
Study participants. The present study was a retrospective analysis of data collected prospectively from consecutive nulliparous women who delivered single live babies at the Beijing Friendship Hospital affiliated to Capital Medical University (Beijing, China) between October 2013 and October 2014. The exclusion criteria were as follows: an incomplete dataset available; a history of hypertension, diabetes, heart disease, hepatitis, chronic renal disease or other systemic disease; a history of drug use before or during pregnancy; a history of alcohol use before or during pregnancy; or a history of smoking before or during pregnancy. The study was approved by the ethics committee and institutional review board of Beijing Friendship Hospital, and all participants provided informed written consent.
Clinical data collection.
The following clinical characteristics were obtained from the medical records: maternal age; family history of diabetes or hypertension; maternal prepregnancy weight and height; maternal weight before delivery; gestational age at delivery; mode of delivery; birth weight of the baby; maternal complications, including postpartum hemorrhage (PPH), preterm birth, preterm premature rupture of the membranes (PPROM), GDM, GHT and preeclampsia; and neonatal complications, including small for gestational age (SGA) and macrosomia. Prepregnancy BMI and GWG. Prepregnancy BMI was calculated as weight (kg) divided by height (m) squared, using self-reported information on prepregnancy weight and height provided during the first prenatal care visit. Prepregnancy BMI was categorized as either underweight (< 18.5 kg/m , and > 9 kg in obese women (≥ 30.0 kg/m 2 ). All others were classified as adequate GWG (i.e. within the IOM recommendations). The mean weight gain per week during pregnancy was calculated as total GWG divided by the number of gestational weeks.
Maternal outcomes. Cesarean deliveries included prelabor elective cesarean section delivery, prelabor emergency cesarean section delivery, and emergency cesarean section delivery in labor. PPH was defined as blood loss ≥ 500 mL within 24 hours of delivery, as recorded on the delivery summary by a nurse or doctor, regardless of the mode of delivery. Preterm birth was defined as the delivery of a live infant before 37 weeks of gestation. PPROM was defined as a spontaneous rupture of membranes before the onset of labor and before 37 weeks of gestation. GDM was defined in accordance with International Association of Diabetic Pregnancy Study Group (IADPSG) criteria 31 . GHT was defined as the development of arterial hypertension (as a new phenomenon) in a pregnant woman after 20 weeks of gestation, without enough proteinuria, symptoms or laboratory abnormalities to be classified as preeclampsia. Preeclampsia was defined as the combination of hypertension and proteinuria (≥ 300 mg of protein in a 24-hour urine sample) occurring after 20 weeks of gestation. A hypertensive disorder of pregnancy (i.e., GHT and preeclampsia) at any prenatal visit was considered a severe clinical condition.
Neonatal outcomes. SGA was defined as a birth weight < 2500 g in a baby delivered after 37 weeks of gestation. Macrosomia was defined as birth weight ≥ 4000 g.
Statistical analysis.
Statistical analyses were performed using SPSS 17.0 (SPSS Inc., Chicago, IL, USA).
Data are expressed as the mean ± standard deviation, median (range) or number (percentage). Tests of normality indicated that all continuous data in the current study were normally distributed; therefore, statistical comparisons were made using analysis of variance (ANOVA) and a Student-Newman-Keuls post-hoc test. Statistical comparisons of categorical data were made using the chi-squared (χ 2 ) test. A
